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1
MODULATION CONTROL SYSTEM AND
METHOD FOR A HYBRID TRANSMISSION

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation of International Appli-
cation No. PCT/US2012/025457, filed Feb. 16, 2012 which
claims the benefit of U.S. Patent Application Ser. No. 61/443,
750 filed Feb. 17, 2011, both of which are hereby incorpo-
rated by reference.

BACKGROUND OF THE INVENTION

With the growing concern over global climate change as
well as oil supplies, there has been a recent trend to develop
various hybrid systems for motor vehicles. While numerous
hybrid systems have been proposed, each system typically
requires significant modifications to the drive train of the
corresponding vehicle. These modifications make it difficult
to retrofit the systems to existing vehicles. Moreover, some of
these systems have atendency to cause significant power loss,
which in turn hurts the fuel economy for the vehicle. Thus,
there is a need for improvement in this field.

One of the areas for improvement of hybrid transmissions
is in the construction and arrangement of the hydraulic sys-
tem. Hybrid vehicles, and in particular the hybrid transmis-
sion module associated with such a vehicle, have various
lubrication and cooling needs which depend on engine con-
ditions and operational modes. In order to address these
needs, oil is delivered by at least one hydraulic pump. The
operation of each hydraulic pump is controlled, based in part
on the lubrication and cooling needs and based in part on the
prioritizing when two hydraulic pumps are included as part of
the hydraulic system of the hybrid vehicle. The prioritizing
between hydraulic pumps (mechanical and electrical) is
based in part on the needs and based in part on the operational
state or mode of the hybrid vehicle.

SUMMARY

The hydraulic system (and method) described herein is part
of'a hybrid transmission module used within a hybrid system
adapted for use in vehicles and suitable for use in transporta-
tion systems and into other environments. The cooperating
hybrid system is generally a self-contained and self-sufficient
system which is able to function without the need to signifi-
cantly drain resources from other systems in the correspond-
ing vehicle or transportation system. The hybrid module
includes an electric machine (eMachine).

This self-sufficient design in turn reduces the amount of
modifications needed for other systems, such as the transmis-
sion and lubrication systems, because the capacities of the
other systems do not need to be increased in order to com-
pensate for the increased workload created by the hybrid
system. For instance, the hybrid system incorporates its own
lubrication and cooling systems that are able to operate inde-
pendently of the transmission and the engine. The fluid cir-
culation system which can act as a lubricant, hydraulic fluid,
and/or coolant, includes a mechanical pump for circulating a
fluid, along with an electric pump that supplements the work-
load for the mechanical pump when needed. As will be
explained in further detail below, this dual mechanical/elec-
tric pump system helps to reduce the size and weight of the
required mechanical pump, and if desired, also allows the
system to run in a complete electric mode in which the electric
pump solely circulates the fluid.
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More specifically, the described hydraulic system (for pur-
poses of the exemplary embodiment) is used in conjunction
with a hybrid electric vehicle (HEV). Included as part of the
described hydraulic system is a parallel arrangement of a
mechanical oil pump and an electric oil pump. The control of
each pump and the sequence of operation of each pump
depends in part on the operational state or the mode of the
hybrid vehicle. Various system modes are described herein
relating to the hybrid vehicle. As for the hydraulic system
disclosed herein, there are three modes which are specifically
described and these three modes include an electric mode
(eMode), a transition mode, and a cruise mode.

As will be appreciated from the description which follows,
the described hydraulic system (and method) is constructed
and arranged for addressing the need for component lubrica-
tion and for cooling those portions of the hybrid module
which experience an elevated temperature during operation
of'the vehicle. The specific construction and operational char-
acteristics provide an improved hydraulic system for a
hydraulic module.

The compact design of the hybrid module has placed
demands and constraints on a number of its subcomponents,
such as its hydraulics and the clutch. To provide an axially
compact arrangement, the piston for the clutch has a recess in
order to receive a piston spring that returns the piston to a
normally disengaged position. The recess for the spring in the
piston creates an imbalance in the opposing surface areas of
the piston. This imbalance is exacerbated by the high cen-
trifugal forces that cause pooling of the fluid, which acts as the
hydraulic fluid for the piston. As a result, a nonlinear relation-
ship for piston pressure is formed that makes accurate piston
control extremely difficult. To address this issue, the piston
has an offset section so that both sides of the piston have the
same area and diameter. With the areas being the same, the
operation of the clutch can be tightly and reliably controlled.
The hydraulics for the clutch also incorporate a spill over
feature that reduces the risk of hydrostatic lock, while at the
same time ensures proper filling and lubrication.

Inaddition to acting as the hydraulic fluid for the clutch, the
hydraulic fluid also acts as a coolant for the eMachine as well
as other components. The hybrid module includes a sleeve
that defines a fluid channel that encircles the eMachine for
cooling purposes. The sleeve has a number of spray channels
that spray the fluid from the fluid channel onto the windings of
the stator, thereby cooling the windings, which tend to gen-
erally generate the majority of the heat for the eMachine. The
fluid has a tendency to leak from the hybrid module and
around the torque converter. To prevent power loss of the
torque convertet, the area around the torque converter should
be relatively dry, that is, free from the fluid. To keep the fluid
from escaping and invading the torque converter, the hybrid
module includes a slinger arrangement. Specifically, the
hybrid module has a impeller blade that propels the fluid back
into the eMachine through a window. Subsequently, the fluid
is then drained into the sump so that it can be scavenged and
recirculated.

The hybrid module has a number of different operational
modes. During the start mode, the battery supplies power to
the eMachine as well as to the electric pump. Once the pump
achieves the desired oil pressure, the clutch piston is stroked
to apply the clutch. With the clutch engaged, the eMachine
applies power to start the engine. During the electro-propul-
sion only mode the clutch is disengaged, and only the eMa-
chine is used to power the torque converter. In the propulsion
assist mode, the engine’s clutch is engaged, and the eMachine
acts as a motor in which both the engine and eMachine drive
the torque converter. While in a propulsion-charge mode, the
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clutch is engaged, and the internal combustion engine solely
drives the vehicle. The eMachine is operated in a generator
mode to generate electricity that is stored in the energy stor-
age system. The hybrid module can also be used to utilize
regenerative braking (i.e., regenerative charging). During
regenerative braking, the engine’s clutch is disengaged, and
the eMachine operates as a generator to supply electricity to
the energy storage system. The system is also designed for
engine compression braking, in which case the engine’s
clutch is engaged, and the eMachine operates as a generator
as well.

In addition, the system is also designed to utilize both
power takeoff (PTO) and electronic PTO (ePTO) modes in
order to operate ancillary equipment such as cranes, refrig-
eration systems, hydraulic lifts, and the like. In a normal PTO
mode, the clutch and the PTO system are engaged, and the
internal combustion engine is thenused to power the ancillary
equipment. In an ePTO state, the clutch is disengaged and the
eMachine acts as a motor to power the ancillary equipment
via the PTO. While in the PTO or ePTO operational modes,
the transmission can be in neutral or in gear, depending on the
requirements.

Two of the structural considerations important in the
design and construction of a hybrid module (transmission) for
a hybrid electric vehicle are size and weight. A third factor,
reduced cost, usually accompanies reduced size and weight.
As the design of the hydraulic system is evaluated, it is impor-
tant to consider how certain operating techniques, such as
multiplexing, might be used to reduce the size, weight and
cost associated with the hybrid module. If additional perfor-
mance benefits can be derived in the process, then there are
further advantages to be realized. As disclosed herein. The
described hydraulic system for a hybrid module uses existing
hydraulic components in a novel manner to provide unique
pressure schedules based on torque.

A reduced pressure schedule based on torque should result
in reduced spin losses (improves fuel economy) and increased
cooler flow (improves reliability). One of the design charac-
teristics related to achieving these results is the multiplexing
of solenoids and valves. By not needing to add components,
there is no significant increase in size, weight or cost for this
technology. Even if selected solenoids and valves have cer-
tain design changes for the required flow connections, any
increase in size, weight or cost is considered to be minimal.

Further forms, objects, features, aspects, benefits, advan-
tages, and embodiments of the present invention will become
apparent from a detailed description and drawings provided
herewith.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic illustration of one example of a
hybrid system.

FIG. 2 is a diagrammatic illustration of one hydraulic sys-
tem suitable for use in the FIG. 1 hybrid system.

FIG. 2A is a diagrammatic illustration of the FIG. 2
hydraulic system as a “split-valve” illustration.

FIG. 3 is a diagrammatic, front elevational view, in partial
cross-section, of a main regulator valve which comprises one
portion of the FIG. 2 hydraulic system.

FIG. 3A is a schematic illustration of the interior construc-
tion of the FIG. 3 main regulator valve.

FIG. 4 is a diagrammatic, front elevational view, in partial
cross-section, of a main regulator by-pass valve which com-
prises one portion of the FIG. 2 hydraulic system.

FIG. 4A is a schematic illustration of the interior construc-
tion of the FIG. 4 main regulator by-pass valve.
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FIG. 5 is a diagrammatic, front elevational view, in partial
cross-section, of a control main valve which comprises one
portion of the FIG. 2 hydraulic system.

FIG. 5A is a schematic illustration of the interior construc-
tion of the FIG. 5 control main valve.

FIG. 6 is a diagrammatic, front elevational view, in partial
cross-section, of a exhaust backfill valve which comprises
one portion of the FIG. 2 hydraulic system.

FIG. 6A is a schematic illustration of the interior construc-
tion of the FIG. 6 exhaust backfill valve.

FIG. 7 is a diagrammatic, front elevational view, in partial
cross-section, of a lube regulator valve which comprises one
portion of the FIG. 2 hydraulic system.

FIG. 7A is a schematic illustration of the interior construc-
tion of the FIG. 7 lube regulator valve.

FIG. 8 is a diagrammatic, front elevational view, in partial
cross-section, of a clutch trim valve which comprises one
portion of the FIG. 2 hydraulic system.

FIG. 8A is a schematic illustration of the interior construc-
tion of the FIG. 3 clutch trim valve.

FIG. 9 is a perspective, partial cross-sectional view of a
hybrid module-transmission subassembly.

FIG. 10 is a diagrammatic illustration of the FIG. 2 hydrau-
lic system when the hydraulic system is in an eMode.

FIG. 11 is a diagrammatic illustration of the FIG. 2 hydrau-
lic system when the hydraulic system is in a Transition Mode.

FIG. 12 is a diagrammatic illustration of the FIG. 2 hydrau-
lic system when the hydraulic system is in a Cruise Mode.

FIG. 13 is a diagrammatic illustration of the FIG. 3 main
regulator valve in the eMode.

FIG. 14 is a diagrammatic illustration of the FIG. 3 main
regulator valve in the Transition Mode.

FIG. 15 is a diagrammatic illustration of the FIG. 3 main
regulator valve in the Cruise Mode.

FIG. 16 is a diagrammatic illustration of the FIG. 4 main
regulator by-pass valve in the eMode.

FIG. 17 is a diagrammatic illustration of the FIG. 4 main
regulator by-pass valve in the Cruise Mode.

DETAILED DESCRIPTION

For the purposes of promoting an understanding of the
disclosure, reference will now be made to the embodiments
illustrated in the drawings and specific language will be used
to describe the same. It will nevertheless be understood that
no limitation of the scope of the disclosure is thereby
intended, such alterations and further modifications in the
illustrated device and its use, and such further applications of
the principles of the disclosure as illustrated therein being
contemplated as would normally occur to one skilled in the art
to which the disclosure relates.

FIG. 1 shows a diagrammatic view of a hybrid system 100
according to one embodiment. The hybrid system 100 illus-
trated in FIG. 1 is adapted for use in commercial-grade trucks
as well as other types of vehicles or transportation systems,
but it is envisioned that various aspects of the hybrid system
100 can be incorporated into other environments. As shown,
the hybrid system 100 includes an engine 102, a hybrid mod-
ule 104, an automatic transmission 106, and a drive train 108
for transferring power from the transmission 106 to wheels
110. The hybrid module 104 incorporates an electrical
machine, commonly referred to as an eMachine 112, and a
clutch 114 that operatively connects and disconnects the
engine 102 with the eMachine 112 and the transmission 106.

The hybrid module 104 is designed to operate as a self-
sufficient unit, that is, it is generally able to operate indepen-
dently of the engine 102 and transmission 106. In particular,
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its hydraulics, cooling and lubrication do not directly rely
upon the engine 102 and the transmission 106. The hybrid
module 104 includes a sump 116 that stores and supplies
fluids, such as oil, lubricants, or other fluids, to the hybrid
module 104 for hydraulics, lubrication, and cooling purposes.
While the terms oil or lubricant or lube will be used inter-
changeably herein, these terms are used in a broader sense to
include various types of lubricants, such as natural or syn-
thetic oils, as well as lubricants having different properties. To
circulate the fluid, the hybrid module 104 includes a mechani-
cal pump 118 and an electric pump 120 in cooperation with a
hydraulic system 200 (see FIG. 2). With this parallel combi-
nation of both the mechanical pump 118 and electric pump
120, the overall size is reduced. The electric pump 120 coop-
erates with the mechanical pump 118 to provide extra pump-
ing capacity when required. The electric pump 120 is also
used for hybrid system needs when there is no drive input to
operate the mechanical pump 118. In addition, it is contem-
plated that the flow through the electric pump 120 can be used
to detect low fluid conditions for the hybrid module 104.

The hybrid system 100 further includes a cooling system
122 that is used to cool the fluid supplied to the hybrid module
104 as well as the water-ethylene-glycol (WEG) to various
other components of the hybrid system 100. In one variation,
the WEG can also be circulated through an outer jacket of the
eMachine 112 in order to cool the eMachine 112. Although
the hybrid system 100 has been described with respect to a
WEG coolant, other types of antifreezes and cooling fluids,
such as water, alcohol solutions, etc., can be used. With con-
tinued reference to FIG. 1, the cooling system 122 includes a
fluid radiator 124 that cools the fluid for the hybrid module
104. The cooling system 122 further includes a main radiator
126 that is configured to cool the antifreeze for various other
components in the hybrid system 100. Usually, the main
radiator 126 is the engine radiator in most vehicles, but the
main radiator 126 does not need to be the engine radiator. A
cooling fan 128 flows air through both fluid radiator 124 and
main radiator 126. A circulating or coolant pump 130 circu-
lates the antifreeze to the main radiator 126. It should be
recognized that other various components besides the ones
illustrated can be cooled using the cooling system 122. For
instance, the transmission 106 and/or the engine 102 can be
cooled as well via the cooling system 122.

The eMachine 112 in the hybrid module 104, depending on
the operational mode, at times acts as a generator and at other
times as a motor. When acting as a motor, the eMachine 112
draws alternating current (AC). When acting as a generator,
the eMachine 112 creates AC. An inverter 132 converts the
AC from the eMachine 112 and supplies it to an energy
storage system 134. In the illustrated example, the energy
storage system 134 stores the energy and resupplies it as
direct current (DC). When the eMachine 112 in the hybrid
module 104 acts as a motor, the inverter 132 converts the DC
power to AC, which in turn is supplied to the eMachine 112.
The energy storage system 134 in the illustrated example
includes three energy storage modules 136 that are daisy-
chained together to supply high voltage power to the inverter
132. The energy storage modules 136 are, in essence, elec-
trochemical batteries for storing the energy generated by the
eMachine 112 and rapidly supplying the energy back to the
eMachine 112. The energy storage modules 136, the inverter
132, and the eMachine 112 are operatively coupled together
through high voltage wiring as is depicted by the line illus-
trated in FIG. 1. While the illustrated example shows the
energy storage system 134 including three energy storage
modules 136, it should be recognized that the energy storage
system 134 can include more or less energy storage modules
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136 than is shown. Moreover, it is envisioned that the energy
storage system 134 can include any system for storing poten-
tial energy, such as through chemical means, pneumatic accu-
mulators, hydraulic accumulators, springs, thermal storage
systems, flywheels, gravitational devices, and capacitors, to
name just a few examples.

High voltage wiring connects the energy storage system
134 to a high voltage tap 138. The high voltage tap 138
supplies high voltage to various components attached to the
vehicle. A DC-DC converter system 140, which includes one
or more DC-DC converter modules 142, converts the high
voltage power supplied by the energy storage system 134 to a
lower voltage, which in turn is supplied to various systems
and accessories 144 that require lower voltages. As illustrated
in FIG. 1, low voltage wiring connects the DC-DC converter
modules 142 to the low voltage systems and accessories 144.

The hybrid system 100 incorporates a number of control
systems for controlling the operations of the various compo-
nents. For example, the engine 102 has an engine control
module (ECM) 146 that controls various operational charac-
teristics of the engine 102 such as fuel injection and the like.
A transmission/hybrid control module (TCM/HCM) 148 sub-
stitutes for a traditional transmission control module and is
designed to control both the operation of the transmission 106
as well as the hybrid module 104. The transmission/hybrid
control module 148 and the engine control module 146 along
with the inverter 132, energy storage system 134, and DC-DC
converter system 140 communicate along a communication
link as is depicted in FIG. 1.

To control and monitor the operation of the hybrid system
100, the hybrid system 100 includes an interface 150. The
interface 150 includes a shift selector 152 for selecting
whether the vehicle is in drive, neutral, reverse, etc., and an
instrument panel 154 that includes various indicators 156 of
the operational status of the hybrid system 100, such as check
transmission, brake pressure, and air pressure indicators, to
name just a few.

As noted before, the hybrid system 100 is configured to be
readily retrofitted to existing vehicle designs with minimal
impact to the overall design. All of the systems including, but
not limited to, mechanical, electrical, cooling, controls, and
hydraulic systems, of the hybrid system 100 have been con-
figured to be a generally self-contained unit such that the
remaining components of the vehicle do not need significant
modifications. The more components that need to be modi-
fied, the more vehicle design effort and testing is required,
which in turn reduces the chance of vehicle manufacturers
adopting newer hybrid designs over less efficient, preexisting
vehicle designs. In other words, significant modifications to
the layout of a preexisting vehicle design for a hybrid retrofit
require, then, vehicle and product line modifications and
expensive testing to ensure the proper operation and safety of
the vehicle, and this expense tends to lessen or slow the
adoption of hybrid systems. As will be recognized, the hybrid
system 100 not only incorporates a mechanical architecture
that minimally impacts the mechanical systems of pre-exist-
ing vehicle designs, but the hybrid system 100 also incorpo-
rates a control/electrical architecture that minimally impacts
the control and electrical systems of pre-existing vehicle
designs.

Referring to FIGS. 2 and 2A, there is illustrated in diagram-
matic form a hydraulic system 200 which is suitably con-
structed and arranged for use with hybrid system 100. More
particularly, hydraulic system 200 is a portion of hybrid mod-
ule 104. Since the FIGS. 2 and 2A illustrations include com-
ponents which interface with a sump module assembly 202,
broken lines 204 are used in FIGS. 2 and 2A to denote, in
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diagrammatic form, the functional locations of the oil con-
nections from other hydraulic components to the sump mod-
ule assembly 202. Lower case letters are used in conjunction
with reference numeral 204 in order to distinguish the various
broken line locations (2044, 2045, etc.). For example, the
sump 116 is part of the sump module assembly 202, while
mechanical pump 118 and electric pump 120 may not tech-
nically be considered actual component parts of the sump
module assembly 202, though this convention is somewhat
arbitrary. The mechanical pump 118 and the electric pump
120 each have an oil connection with the sump module
assembly 202. Sump 116 is independent of the sump for the
automatic transmission 106. Broken line 2044 diagrammati-
cally illustrates the location of flow communication between
the mechanical pump inlet conduit 206 and sump 116. Simi-
larly, broken line 2045 denotes the location of flow commu-
nication between the electric pump inlet conduit 208 and
sump 116. Inlet conduit 206 defines inlet conduit opening
206a. Inlet conduit 208 defines inlet conduit opening 208a.

The FIG. 2 illustration shows the standard schematic for
the hydraulic system 200 with all the valves in the OFF/
installed position. The FIG. 2A illustration shows the valves
in a “split” configuration with the left side depicting the
OFF/installed position. The right side depicts the ON/applied
position for each valve. The FIG. 2A illustration is used for
the detailed valve illustrations of FIGS. 3-8. The same
hydraulic system reference number (200) is used for both
illustrations as the structures are the same.

With continued reference to FIGS. 2 and 2A, on the flow
exiting sides of the two oil pumps, broken line 204¢ denotes
the location where the outlet 210 of mechanical pump 118 is
in flow connection (and flow communication) with the sump
module assembly 202. Broken line 2044 denotes the location
where the outlet 212 of the electric pump 120 is in flow
connection (and flow communication) with the sump module
assembly 202. This broken line convention is used throughout
the FIG. 2 illustration and is used in FIG. 2A. However, this
convention is simply for convenience in explaining the exem-
plary embodiment and is not intended to be structurally lim-
iting in any manner. While the other components which have
flow connections to the sump module assembly 202 are not
technically considered part of the sump module assembly,
these other components, such as the mechanical pump 118
and the electric pump 120, are considered part of the overall
hydraulic system 200. Still, this convention of what compo-
nents are part of what systems or subsystems remains some-
what arbitrary.

With continued referenced to FIGS. 2 and 2A, hydraulic
system 200 includes a main regulator valve 218, main regu-
lator by-pass valve 220, control main valve 222, exhaust back
fill valve 224, cooler 226, filter 228, lube regulator valve 230
(also referred to as a lube splitter valve), clutch trim valve
232, accumulator 234, solenoid 236, solenoid 238 and accu-
mulator 240. It will be appreciated that these identified com-
ponent parts and subassemblies of hydraulic system 200 are
connected with various flow conduits and that pop off valves
are strategically positioned to safeguard against excessive
pressure levels. Further, downstream from the lube regulator
valve 230 are illustrated elements which are intended to
receive oil. The first priority of the available oil at the lube
regulator valve 230 is for lubrication and cooling of bearings
244 and gears or other accessories which are in need of
cooling and lubrication. The second priority, once the first
priority has been satisfied, is to deliver oil to motor sleeve
246.

The mechanical pump 118 is constructed and arranged to
deliver oil to the main regulator valve 218 via conduit 250.
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One-way valve 248 is constructed and arranged for flow
communication with conduit 250 and is positioned down-
stream from the mechanical pump 118. Valve 248 is con-
structed and arranged to prevent backwards flow when the
engine and (accordingly) the mechanical pump are OFF.
Valve 248 includes a ball and spring arrangement set at a
threshold of 5 psi. Branch conduit 254 provides a flow con-
nection from conduit 250 to the main regulator by-pass valve
220. The electric pump 120 is constructed and arranged to
deliver oil to the main regulator by-pass valve 220 via conduit
256.

The main regulator valve 218, main regulator by-pass valve
220, control main valve 222, exhaust backfill valve 224, lube
regulator valve 230, and clutch trim valve 232 each have a
construction and arrangement which is best described, based
onits construction and functionality, as a “spool valve”. Each
valve includes a valve body which defines an interior valve
bore. Each valve also includes the use of a valve spool which
is slidably disposed within the valve bore of the valve body.
The selected cylindrical lands can be varied by diameter size,
axial height, spacing, and relative location along the axis of
the valve spool. The valve bore can also include sections with
different diameters. Flow passages defined by the valve body
connect to the various conduits, providing a predetermined
and preselected arrangement of flow inputs and outputs,
depending on incoming pressure levels and the positioning of
the valve spool relative to the various flow passages.

In one style of spool valve, the valve spool acts against a
biasing spring disposed at one end of the valve body. In
another style (push-pull) fluid connections are provided at
each end of the valve body. Pressurized fluid at one end with
an exhaust or drain back at the opposite end moves the valve
spool based on the pressure difference. One key to the par-
ticular style or construction is the number, spacing, axial
height and diameter of each land of the spool valve. Another
key to the particular style or construction is the number and
location of the work ports which provide fluid communica-
tion. A more detailed description of this type of spool valve is
provided in U.S. Pat. Nos. 7,392,892; 7,150,288; and 5,911,
244. These three U.S. patent references are hereby incorpo-
rated by reference in their entirety as background technical
information on the style and type of valve being used.

A partial, diagrammatic view of each of the six identified
valves is provided by FIGS. 3-8. The details of each valve in
terms of its flow connections and the interconnecting fluid
passages and conduits are described below. Described are the
defined work ports for each valve in terms of the intercon-
necting conduits of hydraulic system 200. As is illustrated in
FIGS. 3-8 and as based in part on FIGS. 2 and 2 A, the various
interconnecting conduits of hydraulic system 200 are in flow
communication with selected work ports of these six valves.
This is further described in the context of the description of
each valve. A schematic, cross-sectional illustration of the six
valves of FIGS. 3-8 is presented by FIGS. 3A-8A, respec-
tively. The FIG. 4 illustration uses the acronym HMEC which
stands for hybrid module engine clutch.

Considering the diagrammatic form of FIGS. 2 and 2A, it
will be appreciated that the various flow connections and flow
conduits may assume any one of a variety of forms and
constructions so long as the desired oil flow can be achieved
with the desired flow rate and the desired flow timing and
sequence. The hydraulic system 200 description makes clear
what type of oil flow is required between what components
and subassemblies and the operational reason for each flow
path. The hydraulic system 200 description which corre-
sponds to what is illustrated in FIGS. 2 and 2A is directed to
what components and subassemblies are in oil flow commu-
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nication with each other, depending on the hybrid system 100
conditions and the operational mode.

With continued to reference to FIGS. 2 and 2A and the
various flow conduits which are illustrated, it will be noted
that there are both “point-to-point” flow conduits and ‘point-
to-conduit” flow conduits. There are a few flow conduit paths
and connections which might be considered something of a
“hybrid” of these two primary categories of flow conduit
connections, as one would be able to recognize from the

FIGS. 2 and 2A illustrations. A “point-to-point” flow conduit 10

extends between two components, such as a pump, valve,
solenoid, etc. A “point-to-conduit” flow conduit intersects
another flow conduit and is flow coupled to a component.
Table I as set forth below lists each flow conduit which is
illustrated in FIGS. 2 and 2A.

The first column of Table I provides the reference number
of'the flow conduit. The second and third columns provide the
reference numbers of the end points for that particular flow
conduit. It is probably better or at least preferable to refer to
the endpoints of each flow conduit rather than referring to the
beginning and ending points as that might suggest a particular
flow direction which would not necessarily be the case in
every mode. In the event of any reverse or back flow terms
such as “beginning” and “ending” become only relative
terms. For this reason, the second and third columns of Table
1 should simply be understood as end points for the corre-
sponding flow conduit.

Reference numbers 218, 220, 222, 224, 230 and 232 as
used in FIGS. 2 and 2A and as listed in Table I, identify they
hydraulic spool valves. Reference numbers 248, 249 and 287
identify one-way valves. Other non-conduit reference num-
bers as listed in Table I include solenoids 236 and 238, accu-
mulators 234 and 240, cooler 226, filter 228, input clutch 289
and bearings 244. All other reference numbers in Table I
identify a flow conduit of FIGS. 2 and 2A.

TABLE I

Conduit Paths/Connections

Conduit End Point End Point
250 248 218
252 238 236
253 240 238
254 220 250
255 220 253
256 249 220
257 220 218
258 220 259
259 222 252
260 220 261
261 259 232
262 220 226
264 220 232
265 220 218
266 220 222
267 259 264
268 218 222
270 218 262
272 268 232
274 268 259
275 218 268
276 222 224
278 276 232
280 222 244
282 280 230
284 226 228
285 228 230
286 262 287
288 232 289
290 236 232
292 232 234
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10
TABLE I-continued

Conduit Paths/Connections

Conduit End Point End Point
294 232 288
296 230 282

Each of the six hydraulic spool valves of FIG. 2A are
separately illustrated as enlarged diagrammatic illustrations
in FIGS. 3-8. These drawings show the ports and connections
of each valve in a manner corresponding to FIG. 2 and con-
sistent with what is set forth in Table 1. Corresponding refer-
ence numbers for the connecting flow conduits are used. In
FIGS. 3A-8A, a schematic illustration, in full section, of each
of'the six hydraulic spool valves is provided in order to show
the interior spool construction of each valve. The FIG. 3A
illustration of valve 218 corresponds to the spool valve 218
which is illustrated in FIG. 3. Similarly, FIGS. 4A-8A corre-
spond to FIGS. 4-8, respectively.

Before describing each of the three modes of operation
applicable to hydraulic system 200, the relationship between
and some of the construction details regarding the mechanical
pump 118 and the electric pump 120 will be described.
Understanding a few of the pump basics should facilitate a
better understanding of the three modes of operation selected
for further discussion regarding the overall hydraulic system.

Referring now to FIG. 9, a front perspective view is pro-
vided which includes a partial cross section through the
hybrid module 104 from the perspective of the engine
engagement side 300 ofthe hybrid module 104. On the engine
engagement side 300, the hybrid module 104 has the
mechanical pump 118 with a pump housing 302 that is
secured to the hybrid module housing 304. A pump drive gear
306 which is secured to an input shaft 308 is used to drive the
mechanical pump 118. The drive gear 306 in one example is
secured to the input shaft 308 via a snap ring and key arrange-
ment, but it is contemplated that the drive gear 306 can be
secured in other manners. The mechanical pump 118 in con-
junction with the electric pump 120 supplies fluid for lubri-
cation, hydraulics, and/or cooling purposes to the hybrid
module 104. By incorporating the electric pump 120 in con-
junction with the mechanical pump 118, the mechanical
pump 118 can be sized smaller, which in turn reduces the
required space it occupies as well as reduces the cost associ-
ated with the mechanical pump 118. Moreover, the electric
pump 120 facilitates lubrication even when the engine 102 is
OFF. This in turn facilitates electric-only operating modes as
well as other modes of the hybrid system 100. Both the
mechanical pump 118 and the electric pump 120 recirculate
fluid from the sump 116. The fluid is then supplied to the
remainder of the hybrid module 104 via holes, ports, open-
ings and other passageways traditionally found in transmis-
sions for circulating oil and other fluids. A clutch supply port
310 supplies oil that hydraulically applies or actuates the
clutch 114. In the illustrated embodiment, the clutch supply
port 310 is in the form of a tube, but is envisioned it can take
other forms, such as integral passageways within the hybrid
module 104, in other examples.

The operation of the hybrid system 100 involves or
includes various operational modes or status conditions, also
referred to herein as “system modes” or simply “modes”. The
principal hybrid system 100 modes are summarized in Table
1T which is provided below:
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TABLE II
SYSTEM MODES
Transmis-
Mode Clutch Motor PTO sion
Engine Start Engaged Motor Inoperative  Neutral
Charge Neutral Engaged Generator Inoperative  Neutral
eAssist Propulsion ~ Engaged Motor Inoperative  In Gear
eDrive Disengaged Motor Inoperative  In Gear
Propulsion with Engaged Generator Inoperative  In Gear
Charge
Regeneration Disengaged Generator Inoperative In Gear
Charging
No Charge Braking Engaged N/A Inoperative  In Gear
PTO Engaged N/A Operative Neutral
ePTO Disengaged Motor Operative Neutral

During an initialization and/or startup mode, the electric
pump 120 is activated by the transmission/hybrid control
module 148 so as to circulate fluid through the hybrid module
104. The electric pump 120 receives its power from the
energy storage system 134 via the inverter 132 (FIG. 1). Once
sufficient oil pressure is achieved, the clutch 114 is engaged.
At the same time or before, the PTO is inoperative or remains
inoperative, and the transmission 106 is in neutral or remains
in neutral. With the clutch 114 engaged, the eMachine 112
acts as a motor and in turn cranks the engine 102 in order to
start (i.e., spin/crank) the engine. When acting like a motor,
the eMachine 112 draws power from the energy storage sys-
tem 134 viathe inverter 132. Upon the engine 102 starting, the
hybrid system 100 shifts to a charge neutral mode in which
the fuel is on to the engine 102, the clutch 114 is engaged, and
the eMachine 112 switches to a generator mode in which
electricity generated by its rotation is used to charge the
energy storage modules 136. While in the charge neutral
mode, the transmission remains in neutral.

From the charge neutral mode, the hybrid system 100 can
change to a number of different operational modes. The vari-
ous PTO operational modes can also be entered from the
charge neutral mode. As should be understood, the hybrid
system is able to move back and forth between the various
operational modes. In the charge neutral mode, the transmis-
sion is disengaged, that is, the transmission is in neutral.
Referring to Table 11, the hybrid system 100 enters a propul-
sion assist or eAssist propulsion mode by placing the trans-
mission 106 in gear and having the eMachine 112 act as a
motor.

During the eAssist propulsion mode, a PTO module is
inoperative and the fuel to the engine 102 is on. In the eAssist
propulsion mode, both the engine 102 and the eMachine 112
work in conjunction to power the vehicle. In other words, the
energy to power the vehicle comes from both the energy
storage system 134 as well as the engine 102. While in the
eAssist propulsion mode, the hybrid system 100 can then
transition back to the charge neutral mode by placing the
transmission 106 back into neutral and switching the eMa-
chine 112 to a generator mode.

From the eAssist propulsion mode, the hybrid system 100
can transition to a number of different operational states. For
instance, the hybrid system 100 can transition from the eAs-
sist propulsion mode to an electrical or eDrive mode in which
the vehicle is solely driven by the eMachine 112. In the eDrive
mode, the clutch 114 is disengaged, and the fuel to the engine
102 is turned off so that the engine 102 is stopped. The
transmission 106 is placed in a driving gear. As the eMachine
112 powers the transmission 106, the PTO module is inop-
erative. While in the eDrive mode, the electric pump 120
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solely provides the hydraulic pressure for lubricating the
hybrid module 104 and controlling the clutch 114, because
the mechanical pump 118 is not powered by the stopped
engine 102. During the eDrive mode, the eMachine 112 acts
as a motor. To return to the eAssist propulsion mode, the
electric pump 120 remains on to provide the requisite back
pressure to engage the clutch 114. Once the clutch 114 is
engaged, the engine 102 is spun and fuel is turned on to power
the engine 102. When returning to the eAssist propulsion
mode from the eDrive mode, both the eMachine 112 and the
engine 102 drive the transmission 106, which is in gear.

The hybrid system 100 also has a propulsion charge mode,
a regenerative braking charge mode, and a compression or
engine-braking mode. The hybrid system 100 can transition
to the propulsion charge mode from the charge neutral mode,
the eAssist propulsion mode, the regenerative braking charge
mode, or the engine-braking mode. When in the propulsion
charge mode, the engine 102 propels the vehicle while the
eMachine 112 acts as a generator. During the propulsion
charge mode, the clutch 114 is engaged such that power from
the engine 102 drives the eMachine 112 and the transmission
106, which is in gear. Again, during the propulsion charge
mode, the eMachine 112 acts as a generator, and the inverter
132 converts the alternating current produced by the eMa-
chine 112 to direct current, which is then stored in the energy
storage system 134. In this mode, the PTO module is in an
inoperative state. While in the propulsion charge mode, the
mechanical pump 118 generally handles most of the oil pres-
sure and lubricant needs, while the electric pump 120 pro-
vides eMachine cooling. The load between the mechanical
118 and electric 120 pumps is balanced to minimize power
loss.

The hybrid system 100 can transition to a number of opera-
tional modes from the propulsion charge mode. For example,
the hybrid system 100 can transition to the charge neutral
mode from the propulsion charge mode by placing the trans-
mission 106 in neutral. The hybrid system 100 can return to
the propulsion charge mode by placing the transmission 106
into gear. From the propulsion charge mode, the hybrid sys-
tem 100 can also switch to the propulsion assist mode by
having the eMachine 112 act as an electric motor in which
electricity is drawn from the energy storage system 134 to the
eMachine 112 such that the eMachine 112 along with the
engine 102 drive the transmission 106. The regenerative
charge mode can be used to recapture some of the energy that
is normally lost during braking. The hybrid system 100 can
transition from the propulsion charge mode to the regenera-
tive charge mode by simply disengaging the clutch 114. In
some instances, it may be desirable to use the engine-braking
mode to further slow down the vehicle and/or to reduce wear
of the brakes. Transitioning to the engine-braking mode can
be accomplished from the propulsion charge mode by turning
off the fuel to the engine 102. During the engine-braking
mode, the eMachine 112 acts as a generator. The hybrid
system 100 can return to the propulsion charge mode by
turning back on the fuel to the engine 102. Simply disengag-
ing the clutch 114 will then switch the hybrid system 100 to
the regenerative charging mode.

The hybrid system 100 is able to conserve energy normally
lost during braking by utilizing the regenerative braking/
charge mode. During the regenerative charge mode, the
clutch 114 is disengaged. The eMachine 112 acts as a gen-
erator while the transmission 106 is in gear. The power from
the wheels of the vehicle is transferred through the transmis-
sion 106 to the eMachine 112, which acts as a generator to
reclaim some of the braking energy and in turn helps to slow
down the vehicle. The recovered energy via the inverter 132 is
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stored in the energy storage system 134. As noted in Table 11
above, during this mode the PTO module is inoperative.

The hybrid system 100 can transition from the regenerative
charge mode to any number of different operational modes.
For instance, the hybrid system 100 can return to the propul-
sion assist mode by engaging the clutch 114 and switching the
eMachine 112 to act as a motor. From the regenerative charge
mode, the hybrid system 100 can also return to the propulsion
charge mode by engaging the clutch 114, and switching the
eMachine 112 to the generator role. The hybrid system 100
can also switch to the engine-braking mode from the regen-
erative charge mode by turning off the fuel to the engine 102
and engaging the clutch.

In addition to the regenerative braking mode, the hybrid
system 100 can also utilize the engine-braking mode in which
compression braking of the engine 102 is used to slow down
the vehicle. During the engine braking mode, the transmis-
sion 106 is in gear, the PTO module is inoperative, and the
eMachine 112 is acting as a generator so as to recover some of
the braking energy, if so desired. However, during other varia-
tions of the engine-braking mode, the eMachine 112 does not
need to act as a generator such that the eMachine 112 draws
no power for the energy store system module 134. To transmit
the energy from the vehicle’s wheels, the engine clutch 114 is
engaged and the power is then transmitted to the engine 102
while the fuel is off. In another alternative, a dual regenerative
and engine braking mode can be used in which both the
engine 102 and the eMachine 112 are used for braking and
some of the braking energy from the eMachine 112 is recov-
ered by the energy storage system module 134.

The hybrid system 100 can transition from the engine-
braking mode to any number of different operational modes.
As an example, the hybrid system 100 can switch from the
engine-braking mode to the propulsion assist mode by turn-
ing on the fuel to the engine 102 and switching the eMachine
112 to act as an electric motor. From the engine-braking
mode, the hybrid system 100 can also switch to the propulsion
charge mode by turning back on the fuel to the engine 102. In
addition, the hybrid system 100 can switch from the engine-
braking mode to the regenerative charge mode by turning on
the fuel to the engine 102 and disengaging the clutch 114.

When the PTO is used, the vehicle can be stationary or can
be moving (e.g., for refrigeration systems). From the charge
neutral mode, the hybrid system 100 enters a PTO mode by
engaging the PTO. While in the PTO mode, the clutch 114 is
engaged such that power from the engine 102 is transmitted to
the now-operative PTO. During this PTO mode, the eMa-
chine 112 acts as a generator drawing supplemental power
from the engine 102 and transferring it via the inverter 132 to
the energy storage system module 134. At the same time, the
transmission 106 is in neutral so that the vehicle can remain
relatively stationary, if desired. With the PTO operative, the
ancillary equipment, such as the lift buckets, etc., can be used.
The hybrid system 100 can return to the charge neutral mode
by making the PTO inoperative.

During the PTO mode, the engine 102 is constantly run-
ning which tends to waste fuel as well as create unnecessary
emissions in some work scenarios. Fuel can be conserved and
emissions reduced from the hybrid system 100 by switching
to an electric or ePTO mode of operation. When transitioning
to the ePTO mode, the clutch 114, which transmits power
from the engine 102, is disengaged and the engine 102 is
stopped. During the ePTO mode, the eMachine 112 is
switched to act as an electric motor and the PTO is operative.
At the same time, the transmission 106 is in neutral and the
engine 102 is stopped. Having the engine 102 turned off
reduces the amount of emissions as well as conserves fuel.
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The hybrid system 100 can return from the ePTO mode to the
PTO mode by continued operation of the electric 120 pump,
engaging the clutch 114 and starting the engine 102 with the
eMachine 112 acting as a starter. Once the engine 102 is
started, the eMachine 112 is switched over to act as a genera-
tor and the PTO is able to operate with power from the engine
102.

With the operation or system modes of hybrid system 100
(see Table I1) in mind, the hydraulic system 200 is now further
described in the context of three modes of operation. These
three modes include an Electric Mode (eMode), a Transition
Mode, and a Cruise Mode. From the perspective of the status
and conditions of hydraulic system mode, the eMode condi-
tions are diagrammatically illustrated in FIG. 10. The Tran-
sition Mode conditions are diagrammatically illustrated in
FIG. 11. The Cruise Mode conditions are diagrammatically
illustrated in FI1G. 12.

Referring first to FIG. 10, in the eMode condition, as rep-
resented by hydraulic system 200q, the engine and clutch are
each in an “OFF” condition, and each solenoid 236 and 238 is
an “OFF” condition. The electric pump 120 provides one
hundred percent (100%) of the oil flow to the main regulator
valve 218. With solenoid 238 in an “OFF” condition, there is
no solenoid signal to the main regulator by-pass valve 220 and
this component is also considered as being in an “OFF”
condition. In the exemplary embodiment, the main pressure is
“knocked down” to 45 psi due to using only the electric pump
120 and considering its performance limitations. Any lube/
cooling flow to the cooler 226 is the result of main regulator
valve 218 overage.

Referring now to FIG. 11, in the Transition Mode condition
as represented by hydraulic system 2005, the engine may be
in either an “ON” or “OFF” condition, the clutch is in an
“ON” condition, solenoid 238 is “OFF”, and solenoid 236 is
“ON”. The electric pump 120 and the mechanical pump 118
can supply a flow of oil to the main regulator valve 218. The
knockdown is removed and the main pressure is 90 psi. Any
Iube/cooling flow to the cooler 226 is the result of main
regulator valve 218 overage.

Referring now to FIG. 12, in the Cruise Mode, as repre-
sented by hydraulic system 200¢, the engine and clutch are
each in an “ON” condition, and solenoid 236 is in an “ON”
condition. The main regulator by-pass valve 220 is held in the
“ON” (applied) position by a hydraulic latch. This hydraulic
latch has a signal pressure which comes from the clutch trim
valve 232 and the latch is only active when both the clutch
trim valve 232 and the main regulator by-pass valve 220 are in
the “ON”/applied position. In this condition, the mechanical
pump 118 provides one hundred percent (100%) of the oil
flow to the main regulator valve 218 and to the clutch control
hydraulics. The electric pump 120 provides supplemental
cooler flow (or what may be referred to as cooler flow
“boost”). The flow to the cooler 226 is by way of the main
regulator valve 218 overage and supplemented by flow from
the electric pump 120. To initially turn the main regulator
by-pass valve 220 to the “ON” condition, solenoid 238 is
briefly turned on. Once the main regulator by-pass valve 220
is in the ON condition the hydraulic latch becomes active and
solenoid 238 is no longer required to hold the main regulator
by-pass valve 220 in the “ON” position. Also, once the main
regulator by-pass valve 220 is on the ON position, the output
of'solenoid 238 is connected to the base of the main regulator
valve 218 and is now used as boost pressure. With this vari-
able solenoid 238 supplying boost pressure, the main regula-
tor valve 218 now produces a variable main pressure between
45 and 225 psi depending upon the pressure of solenoid 238,
see FIG. 15.
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The three modes which have been described and illustrated
in FIGS. 10-12 have been identified in conjunction with
hydraulic systems 200a, 2005, and 200c¢, respectively. This
numbering scheme of letter suffixes is representative of the
fact that the hardware, components, subassemblies, and con-
duits of hydraulic system 200 do not change with the different
modes of operation. However, the operational status, the vari-
ous ON/OFF conditions, etc. of the hardware, components,
and subassemblies may change, depending on the particular
item and the specific mode of operation.

While the three described modes for the hydraulic system
200 are based in part on the status or conditions of the engine,
these modes are also based in part on the ON/OFF status of
the referenced hardware, components, and subassemblies,
including the mechanical pump 118 and the electric pump
120. The mechanical pump 118 is directly connected to the
engine 102 such that when the engine is ON, the mechanical
pump 118 is ON. When the engine 102 is OFF, the mechanical
pump 118 is OFF. When ON, the mechanical pump 118
delivers oil to the entire hydraulic system. Any overage from
the main regulator valve 218 is delivered to the cooler 226.

The ON/OFF status of the electric pump 120 and the speed
of the electric pump 120 are controlled by the electronics of
the hybrid module 104. The electric pump 120 delivers oil
either to the hydraulic system 200 and/or to the cooler 226.
When the mechanical pump 118 is either OFF or when its
delivery of oil is insufficient, the electric pump 120 delivers
oil to the hydraulic system. When the delivery of oil from the
mechanical pump is sufficient, the electric pump 120 is able to
be used for delivery of oil to the cooler for lube and motor
cooling.

Reference has been made to the knocked down lower pres-
sure level for certain operational modes. This knocked down
pressure is associated with operation of the electric pump
120. Considering the various pressure levels and flow rates,
the main pressure of the mechanical pump 118 is 45-225 psi.
The main pressure of the electric pump 120 is 45 or 90 psi. For
Iube and cooling, the first 5.0 Ipm of flow at approximately 30
psiis used for lube. Any excess flow up to approximately 15.0
Ipm is delivered to the motor cooling sleeve 246. A maximum
of 50 psi for the lube/cooling function is attained only after
the motor cooling sleeve 246 is filled with oil. The clutch
applied pressure will be nearly equal to main pressure with a
slight pressure drop (0-5 psi) due to the clutch passageways.

With continued reference to FIG. 2, there are specific por-
tions of the disclosed hydraulic system 200 which denote
changes and improvements over earlier designs and embodi-
ments. One improvement is that separate suction filters 298
and 299 are incorporated into each pump inlet conduit 206
and 208, respectively. Each suction filter 298 and 299 is
positioned adjacent the inlet opening 206a and 208a of each
conduit, respectively.

Another improvement is directed to reconfigured logic for
main regulator by-pass valve 220. The flow circuitry and logic
of control main valve 222 is also modified over earlier
embodiments for increased consistency. A further improve-
ment is adding a control main valve lube bleed by the addition
of flow conduit 280. A further improvement relates to the
exchange of an ON/OFF solenoid with a variable bleed sole-
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noid (VBS) which is mulitiplexed to operate between the
logic valve 220 and main boost. A still further improvement is
directed to the main regulator valve 218 and a main modula-
tion boost when the logic valve 220 is applied.

Referring now to the functionality of the mechanical pump
118 and the electric pump 120, the mechanical pump 118 is
connected to the engine input with a 1:1 drive ratio. As such,
when the engine is ON the mechanical pump 118 is ON.
When the engine is OFF, the mechanical pump is OFF. The
mechanical pump 118 directly feeds the main regulator valve
218. The first lube priority is to the valve body and clutch
needs. The second lube priority is for the cooler and the lube
circuit. The main pressure relief is set at 400 psi.

The speed and flow of the electric pump 120 are dictated by
the engine software and system programming, specifically by
the transmission control module software. The electric pump
120 supplies oil to either the main regulator valve or by-
passes to the cooler 226 and lube circuit. The referenced “lube
circuit” is generally referred to as reference 244 (bearings,
etc.). The operation of the electric pump 120 is dependent on
the hydraulic mode. Further, the electric pump 120 is able to
supply oil or lube to cooler flow when the lube delivery by the
mechanical pump 118 is not adequate. The electric pump 120
pressure relief is set at 120 psi.

The hydraulic modes of operation of hydraulic system 200
include, as noted above, eMode (FIG. 10), Transition Mode
(FIG. 11), and Cruise Mode (FIG. 12). The flow circuit and
flow paths for each hydraulic mode are illustrated in FIGS.
10-12, noting the drawing key which identifies the nature of
the flow based on the graphic cross-hatching. In the eMode,
the engine is OFF and the clutch is OFF. All of the hydraulics
are supplied by the electric pump 120. In the Transition Mode,
the engine transitions from OFF to ON and the clutch is
applied. Both the mechanical pump 118 and the electric pump
120 supply lube to the main regulator valve. In the Cruise
Mode, the engine is ON and the clutch is ON. The mechanical
pump 118 supplies the hydraulics for clutch control. The
electric pump 120 provides the hydraulics for the cooler flow
“boost™.

With continued reference to FIGS. 10-12, it is noted that in
the eMode of F1G. 10, both solenoids 236 and 238 are hydrau-
lically OFF. The main knock down pressure is 45 psi. Any
flow or supply overage from the main is directed to the cooler.
In the Transition Mode of FIG. 11, the trim solenoid 236 is
hydraulically ON and the logic solenoid 238 is hydraulically
OFF. Both the mechanical pump 118 and the electric pump
120 supply flow to the main regulator valve 218. Both pumps
are set an operating pressure of 90 psi (knockdown
exhausted). Any lube overage is directed to the cooler 226. In
the Cruise Mode of FIG. 12, solenoid 236 is hydraulically ON
and solenoid 238 is variable. The lube from the electric pump
120 is supplied to the cooler. The mechanical pump 118
supplies lube to the main regulator valve 218. The main
regulator pressure is torque dependent and between 45 psi and
225 psi (knockdown and boost). The electric pump pressure is
flow dependent and operates between 0 and 70 psi. Table 111
provides a quick reference for some of the operational param-
eters for each operational mode.
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TABLE III
Mode Chart
Reference Table
ePump ePump mPump Main Main
Mode ePump Pressure Output mPump  Pressure Clutch Knockdown Boost
eMode On 45 psi  Main Reg  Onn — Open Pressurized  Exhausted
Transition On 90 psi  Main Reg On/Off 90 psi Applying/ Exhausted Exhuasted
Applied
Cruise Ow/Off 0-70psi  Tocooler On 45-225 psi Applied Pressurized  Variable
Pressure

Regarding some of the specifics of main regulator valve
218, it is a dual regulation valve with both exhaust and over-
age to cooler 226. For the knockdown and boost aspects, the
electric pump pressure is either 45 psi or 90 psi. The mechani-
cal pump pressure is a variable between 45 psi and 225 psi. A
lower rate spring is used so that there is less force or pressure
acting against the flow fluctuations. The three modes opera-
tion relative to the main regulator valve 218 as described
above, at least in part, are diagrammatically illustrated in
FIGS. 13, 14 and 15.

Regarding some of the specifics of the control main valve
222, this is a single regulation valve which regulates at 110 psi
and routes any lube overage to the exhaust backfill valve 224.
There are two by-pass orifices which handle lube flow from
the main regulator valve 218 and direct lube in the direction of
the downstream lube requirements (bearings 244). Regarding
some of the specifics of the clutch trim valve 232, this valve
interfaces with solenoid 236 and accumulator 234. The regu-
lation pressure ranges between 195 psi and 225 psi.

The lube regulator valve 230 is a dual regulation valve
which assists in providing lube to the eMotor sleeve 246 as a
second priority and to the lube requirements (bearings 244) as
a first priority. Once the lube requirements are met, any addi-
tional lube which is available is directed to the motor sleeve
246. The by-pass orifice provides lube flow under low flow
conditions for failure mode protection.

The main regulator by-pass valve 220, also called the logic
valve, directs flow in a number of different ways. The lube
from the electric pump 120 is directed to the main regulator
valve 218 and to the cooler 226. The other states or functions
of lube control and management include knockdown (pres-
surized/exhaust), boost (exhausted/pressurized), latch (ex-
hausted/pressurized), and pressure switch (exhausted/pres-
surized).

The solenoid 238 strokes valve 220 from installed to
applied. If the clutch is OFF then the solenoid is needed to
hold the valve at the applied position. If the clutch is ON, then
a latch status holds the valve at the applied position. In this
ON condition, the solenoid 238 is not needed to hold the valve
at the applied position and the solenoid, via multiplexing, is
available for the main modulation boost. The logic valve 220
de-strokes when the latch is exhausted by the clutch trim
valve 232. In terms of any failure mode or status, one would
be when the logic valve electrically fails to go to the valve
applied position. In this state, the electric pump 120 lube goes
to the cooler 226. Since there is a high main pressure, any risk
of'a low pressure failure mode is removed. FIGS. 16 and 17
provide graphic illustrations of the main regulator by-pass
valve 220 in the installed position (eMode) and in the applied
position (Cruise Mode). The labels on the ports and conduits
are consistent with what has been described above.

Regarding some of the specifics of the exhaust backfill
valve 224, this valve manages the supply of low pressure oil
to the clutch 289. The setpoint is at 2 psi and the use of this low
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pressure lube helps to keep air out of the clutch and facilitates
fill time consistency. One-way valve 287 (see FIG. 2) which is
a cooler pressure relief valve has a set point of 140 psi and is
based on a ball and spring construction.

In addition to suction filters 298 and 299 which are asso-
ciated with the pump inlets, a third filter 228 is included as a
lube filter which is downstream from the cooler. The lube
filter 228 is a low micron filter. Filters 298 and 299 share a
common body but are separate hydraulically. The lube filter
228 is a spin-on filter.

Some of'the other features of hydraulic system 200 include
the design and construction of the interface of the normally
applied clutch. In the event of an electrical failure with the
engine On, the system defaults to a high main and the clutch
is applied. With the engine Off, the system defaults to neutral
(no starter). In effect there are two pressure switches corre-
sponding to the logic valve 220 and the clutch trim 232. Both
pumps 118 and 120 are constructed and arranged for one-way
flow so as to prevent back flow and leakage around the pumps.

Another feature of hydraulic system 200 is the addition
(new design) of a main modulation control scheme which
relies in part on the addition of VBS solenoid 238 and the
multiplexing (modulation) of that solenoid. By controlling
the main pressure at a reduced level, the fuel economy and
reliability are improved. The pressure is controlled by the
multiplexed VBS solenoid 238 in order to maintain adequate
clutch pressure based on torque requirements. The overall
system cost is reduced by this multiplexing of valves and
solenoids. The disclosed hydraulic system 200 provides a
reduced pressure schedule based on torque to reduce spin
losses (improves fuel economy) and increase cooler flow
(improves reliability). By integrating this reduced pressure
schedule with the multiplexing of solenoids and valves, cost
is reduced.

In the FIGS. 2 and 2A illustrations, it will be seen that only
two solenoids 236 and 238 are used to control pressure. In
fact, only two solenoids are able to be used since the hybrid
control module (HCM) only includes two drivers. When mul-
tiplexing the VBS solenoid 238, it can be used to get different
pressure levels, including a reduced pressure for certain con-
ditions and applications. Reducing the pressure results in a
reduced pump load on the electric pump 120. When the elec-
tric pump 120 has a lower load, then the electric pump is not
working as hard. A lower pressure requirements means that
there is more lube to the bearings and cooler.

One of the characteristics of hydraulic system 200 as noted
above is the design and construction facilitated by multiplex-
ing and the overall main modulation control scheme which
decreases the pump work. A high pressure is required in order
to keep the clutch from slipping at high torque. However, as
the torque level changes, pressure adjustments are possible.
The option, as presented here, is to adjust the pressure based
on the torque level of the gearbox.
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While the preferred embodiment of the invention has been
illustrated and described in the drawings and foregoing
description, the same is to be considered as illustrative and not
restrictive in character, it being understood that all changes
and modifications that come within the spirit of the invention
are desired to be protected.

The invention claimed is:

1. A hydraulic system for a hybrid electrical vehicle com-
prising:

a sump containing hydraulic fluid;

a main regulator valve constructed and arranged in flow

communication with said sump;

amain regulator by-pass valve constructed and arranged in

flow communication with said sump;
first and second control solenoids wherein said first con-
trol solenoid is a variable bleed solenoid; and

a control module for managing fluid flow of said hydraulic

system, wherein said control module is constructed and
arranged for multiplexing of said variable bleed sole-
noid, wherein said multiplexing is applied for said vari-
able bleed solenoid to either hold the main regulator
by-pass valve at an applied position or make the variable
bleed solenoid available for main boost.

2. The hydraulic system of claim 1 wherein the hybrid
electric vehicle has three operational modes associated with
the hydraulic system, including an eMode, a transition mode
and a cruise mode.

3. The hydraulic system of claim 1 which further includes
a mechanical pump constructed and arranged in flow com-
munication with said sump and in flow communication with
said main regulator valve for delivering hydraulic fluid from
said sump to said main regulator valve.

4. The hydraulic system of claim 3 which further includes
an electric pump constructed and arranged in flow communi-
cation with said sump and in flow communication with said
main regulator by-pass valve for delivering hydraulic fluid
from said sump to said main regulator by-pass valve.

5. The hydraulic system of claim 4 wherein said control
module is constructed and arranged for managing the opera-
tional status of said mechanical pump and of said electric
pump based on an operational mode of the hybrid electric
vehicle.

6. The hydraulic system of claim 1 wherein said first con-
trol solenoid is constructed and arranged in flow communi-
cation with said main regulator by-pass valve.

7. The hydraulic system of claim 1 which further includes
a clutch trim valve.

8. The hydraulic system of claim 7 wherein said second
control solenoid is constructed and arranged in fluid commu-
nication with said clutch trim valve.

9. The hydraulic system of claim 1 which further includes
a lube bleed conduit in flow communication with a control
main valve.

10. The hydraulic system of claim 1 wherein said control
module is a hybrid control module with two drivers.

11. The hydraulic system of claim 10 wherein one of said
two drivers corresponds to said variable bleed solenoid and
the other of said two drivers corresponds to said second con-
trol solenoid.

12. The hydraulic system of claim 1 wherein said control
module is constructed and arranged to adjust a pressure level
of said hydraulic system based on a gearbox torque value.

13. A hydraulic system for a hybrid electrical vehicle com-
prising:

a sump containing hydraulic fluid;

a main regulator valve constructed and arranged in flow

communication with said sump;
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a main regulator by-pass valve constructed and arranged in
flow communication with said sump;
a hybrid control module; and

a control solenoid constructed and arranged in flow com-
munication with said main regulator by-pass valve
wherein said hybrid control module is constructed and
arranged for the multiplexing of said control solenoid,
wherein said multiplexing is applied for said control
solenoid to either hold the main regulator by-pass valve
at an applied position or make the control solenoid avail -
able for main boost.

14. The hydraulic system of claim 13 wherein said control
solenoid is a variable bleed solenoid.

15. The hydraulic system of claim 14 wherein the hybrid
electric vehicle has three operational modes associated with
the hydraulic system, including an eMode, a transition mode
and a cruise mode.

16. The hydraulic system of claim 15 wherein said hybrid
control module is constructed and arranged with two drivers.

17. The hydraulic system of claim 16 wherein one of said
two drivers corresponds to said variable bleed solenoid and
the other of said two drivers corresponds to a second control
solenoid.

18. The hydraulic system of claim 17 wherein said hybrid
control module is constructed and arranged to adjust a pres-
sure level of said hydraulic system based on a gearbox torque
value.

19. A hydraulic system for a hybrid electrical vehicle com-
prising:

a sump containing hydraulic fluid;

a main regulator valve constructed and arranged in flow

communication with said sump;

a main regulator by-pass valve constructed and arranged in

flow communication with said sump;
first and second control solenoids wherein said first con-
trol solenoid is a variable bleed solenoid;

a mechanical pump in flow communication with said

sump;

an electric pump in flow communication with said sump;

and

a control module for managing the operational status of

each pump, wherein said control module is constructed
and arranged for the multiplexing of said variable bleed
solenoid, wherein said multiplexing is applied for said
variable bleed solenoid to either hold the main regulator
by-pass valve at an applied position or make the variable
bleed solenoid available for main boost.

20. The hydraulic system of claim 19 wherein the hybrid
electric vehicle has three operational modes associated with
the hydraulic system, including an eMode, a transition mode
and a cruise mode.

21. The hydraulic system of claim 19 wherein said first
control solenoid is constructed and arranged in flow commu-
nication with said main regulator by-pass valve.

22. The hydraulic system of claim 19 which further
includes a clutch trim valve.

23. The hydraulic system of claim 22 wherein said second
control solenoid is constructed and arranged in fluid commu-
nication with said clutch trim valve.

24. A hydraulic system for a hybrid electrical vehicle com-
prising:

a sump containing hydraulic fluid;

a main regulator valve constructed and arranged in flow

communication with said sump;

a main regulator by-pass valve constructed and arranged in

flow communication with said sump;
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first and second control solenoids wherein said first control

solenoid is a variable bleed solenoid;

a clutch trim valve; and

wherein said second control solenoid is constructed and

arranged in fluid communication with said clutch trim
valve.

25. The hydraulic system of claim 24 wherein the hybrid
electric vehicle has three operational modes associated with
the hydraulic system, including an eMode, a transition mode
and a cruise mode.

26. The hydraulic system of claim 24 wherein said control
module is constructed and arranged for managing the opera-
tional status of said mechanical pump and of said electric
pump based on an operational mode of the hybrid electric
vehicle.

27. The hydraulic system of claim 24 wherein said first
control solenoid is constructed and arranged in flow commu-
nication with said main regulator by-pass valve.

28. A hydraulic system for a hybrid electrical vehicle com-
prising:

a sump containing hydraulic fluid;

a main regulator valve constructed and arranged in flow

communication with said sump;

amain regulator by-pass valve constructed and arranged in

flow communication with said sump;

first and second control solenoids wherein said first control

solenoid is a variable bleed solenoid;
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a clutch trim valve, wherein said second control solenoid is
constructed and arranged in fluid communication with
said clutch trim valve; and

a control module for managing fluid flow of said hydraulic
system, wherein said control module is constructed and
arranged for multiplexing of said variable bleed sole-
noid.

29. A hydraulic system for a hybrid electrical vehicle com-

prising:

a sump containing hydraulic fluid;

a main regulator valve constructed and arranged in flow
communication with said sump;

a main regulator by-pass valve constructed and arranged in
flow communication with said sump;

first and second control solenoids wherein said first control
solenoid is a variable bleed solenoid;

a clutch trim valve, wherein said second control solenoid is
constructed and arranged in communication with said
clutch trim valve;

a mechanical pump in flow communication with said
sump;

an electric pump in flow communication with said sump;
and

a control module for managing the operational status of
each pump, wherein said control module is constructed
and arranged for the multiplexing of said variable bleed
solenoid.



